for treatment of tuberculosis in Tokyo, and it admits patients from in and around the Tokyo area. 12 The standard treatment regimens include combinations of four drugs (isoniazid, rifampin, and pyrazinamide with ethambutol or streptomycin) or three drugs (isoniazid and rifampin with ethambutol or streptomycin).
The population eligible for this study were patients whose registration of residency was assigned to the address of the hospital of their admission, because of the lack of a conventional residence. Living conditions of these patients are poor, and they transient between living on the streets -literally homeless, transient hostels, temporary shelters, residence near their workplace, shabby apartments, and others. 13 Therefore, in this study, we defined these patients as "patients under fragile-living conditions".
Patients who met the criteria were consecutively selected from the discharge records between January 1998 and October 2000. Among 123 patients selected, four patients were found to be HIVpositive; data from the remaining 119 subjects, 103 of whom were discharged alive and 16 who died in hospital, were collected and used in this study.
Data Collection
The data of the subjects were collected from their date of hospitalization, and followed during both their inpatient care and outpatient treatment. The hospital staff conducted face-to-face indepth interviews with each of the 119 subjects and collected information on demographic and social characteristics with a predefined form. The staff have had training on interviewing patients with social problems including those with poor living conditions. Clinical characteristics were also evaluated and recorded by a physician. Demographic characteristics included sex and age on admission. Social characteristics included residence just prior to admission, residence immediately after discharge, primary occupation just prior to admission, existence of people with a close relationship who the patient expected to support him financially, and reason for access to medical services. Clinical characteristics included previous tuberculosis treatment, results of x-ray examination, results of sputum smears on admission, drug susceptibility of Mycobacterium tuberculosis isolate collected on admission against four drugs (isoniazid, rifampin, ethambutol, and streptomycin), and comorbidity of diabetes mellitus and alcohol problem in the hospital. The results of sputum smear were classified as '-', 1+, 2+, and 3+, equivalent to the Gaffky scale of 0-1, 2-4, 5-8, and 9-10, respectively. Alcohol problem was the most frequently reported problem behavior, and a patient was defined to have an alcohol problem when they drank alcohol during their hospitalization and had trouble with other patients and the hospital staff.
To determine the social course of the subjects, we examined the reasons for discharge from the study hospital, and monitored the course of inpatient and outpatient treatment at medical and public health facilities for each patient after they left the hospital. Under the Tuberculosis Control Law, all cases of the disease must be reported to a local public health center by a physician within 2 days after diagnosis. The public health centers create a patient Social Courses of Fragile Living TB Patients ile living conditions show a high rate of interruption of tuberculosis treatment. 5, 7 Thus, analysis of treatment interruption in tuberculosis patients under fragile-living conditions will increase our understanding of the factors related to a lack of adherence to treatment regimes in such marginalized populations.
There is a concern that people living in poor conditions first contact medical care in the late stage of the disease. 8 In the case of tuberculosis infection, delay in seeking medical care implies an increased risk of spread of disease to other members of communities. The severity of tuberculosis in people living under fragile conditions is suggested by their high mortality, although previous studies have rarely revealed such information.
People under fragile living conditions are mobile. In general, follow-up of their treatment and outcome is difficult. In Tokyo, these people make use of various places for overnight stays, including the streets, bunkhouses for construction workers, transient hostels, and 24-hour public saunas. 9 The use of complete information from hospitals and public health centers for individual patients allowed us to identify the treatment course in terms of use of inpatient and outpatient care and directly observed therapy, treatment completion, abandonment, and interruption of treatment by tuberculosis patients under fragile living conditions. We have referred to the treatment course as the 'social course' in tuberculosis patients under fragile living conditions, according to the concept of the social course of illness by Kleinman, 10, 11 which refers to the influence of aspects of the social environment on the course of recovery from illness.
The current lack of information on the social course of tuberculosis patients under fragile conditions has prevented the development of effective countermeasures to achieve successful treatment in such populations. There is an urgent need for studies on social factors influencing interruption of treatment in patients who lack a conventional residence, although there are various technical obstacles to obtaining comprehensive information on these patients. 12 In-depth interview on the social conditions of patients on the basis of understanding the social characteristics of people under fragile living conditions allows the collection of such information.
This study was performed to determine the social course of tuberculosis patients under fragile living conditions and to investigate the demographic, social, and clinical factors associated with interruption of treatment and death during treatment in this population.
Subjects and Setting
Subjects were patients of a hospital in Tokyo. The hospital has 220 beds for tuberculosis, the largest number allocated by any hospital in the Tokyo area. When people under fragile-living conditions are found or suspected to have tuberculosis, they are referred to hospitals with tuberculosis beds for further examination or treatment of tuberculosis. The hospital is a core hospital ence of multiple variables that showed significant associations by univariate analysis, exact logistic regression analysis was performed. For these analyses, binary variables were used for residence before admission (homeless vs. non-homeless), residence after discharge (transient hostel vs. other residence), occupation (unemployed vs. employed), reason for access to medical services (found collapsed on the street vs. other reason), and result of sputum smear (' -' or 1+ or 2+ vs. 3+).
We compared the prevalence of drug-resistant M. tuberculosis isolates between the cases with and without a history of tuberculosis treatment.
The ethical appropriateness of the study protocol was reviewed and approved by the ethics committees of Tokyo Medical and Dental University and Tokyo National Hospital. Table 1 shows the demographic, social and clinical characteristics of the 119 subjects. The mean age of the subjects was 51.2 years (range, 24-73 years). Figure 1 shows the social course of the subjects. The total duration of follow-up from the day of admission through the final day to confirm treatment status was 2 to 1638 days (median, 342 days). Interruption of treatment during inpatient care at the study hospital occurred in 15 cases (4 cases of forced discharge and 11 of voluntary discharge). Interruption of treatment during outpatient care occurred in 3 out of 4 cases of forced discharge, 9 of 11 cases of voluntary discharge, 3 of 24 cases of transfer, and 8 of 57 cases of discharge for outpatient care. Eighteen (15.1%) patients died. After interruption for at least 2 months, treatment was resumed in 6 (26.1%) cases, and 3 (13.0%) of these cases completed treatment. Table 2 shows the percentage of cases of interruption of treatment and death according to demographic, social, and clinical characteristics. Table 2 also shows the results of exact logistic regression analysis by indicating adjusted odds ratios of selected characteristics. The percentage of subjects who interrupted treatment during inpatient care was higher among patients with alcohol problems in the hospital than in others (P<0.01). The proportion of cases with interruption of treatment during outpatient care were higher in patients who were homeless before admission and in those living in transient hostels after discharge than in others (P<0.01 and P<0.01). Adjusted odds ratio of living in a transient hostel after discharge showed an independent significant association with interruption of treatment during outpatient care. Mortality was higher in patients who were homeless before admission, in those found collapsed on the street than in others, Kizuki M, et al. registration card and monitor each patient in their health jurisdiction. Then we identified the duration of treatment given to individual subjects as inpatient care and outpatient care, including directly observed therapy (DOT) in the community, and determined the final outcome. The follow-up process was terminated in April 2003.
Demographic, Social, and Clinical Characteristics

Social Course
Demographic, Social, and Clinical Characteristics and Interruption of Treatment and Death
The patients were categorized according to the reason for discharge from hospital: discharge after treatment completion (discharge after completion of the full course of treatment in the hospital based on the advice of physicians); transfer after treatment completion (transfer after completion of the full course of treatment in the hospital based on the advice of physicians); discharge for outpatient care (normal discharge from hospital followed by outpatient treatment); transfer (transfer to another hospital); voluntary discharge (leaving the hospital without permission or failure to return from a temporary discharge); forced discharge (unplanned early discharge because of poor behavior in the hospital, including violence); and death (defined as death due to any cause in the hospital before completion of treatment).
The patients were categorized into four groups according to the final outcome of tuberculosis treatment: treatment completion (defined as completion of planned tuberculosis treatment reported by physicians); abandonment (defined as a patients' failure, by the end of at least 30 months of follow-up, to resume tuberculosis treatment after interruption of treatment); death (defined as death due to any cause before the completion of treatment); and other.
"Interruption of treatment during inpatient care" was defined as the occurrence of voluntary discharge or forced discharge from the study hospital, and "interruption of treatment during outpatient care" was defined as no reported tuberculosis treatment for at least 2 consecutive months during outpatient care before completion of treatment.
The social course identified in this study was independent of the definition of "tuberculosis treatment outcome" by the World Health Organization.
14 In this study, while identifying interruption of treatment during inpatient or outpatient care, the subjects were followed-up even after interruption in treatment. Therefore, whether patients returned to treatment after an interruption for more than 2 months was confirmed.
Data Analysis
The frequencies of demographic, social and clinical characteristics were calculated. The social course of the subjects based on the results of patient follow-up were plotted.
Statistical significance was examined by Fisher's exact test for the following associations: the associations between demographic, social and clinical characteristics and interruption of treatment during inpatient care or death among all 119 patients; the associations between demographic, social and clinical characteristics and interruption of treatment during outpatient care among the 57 patients discharged from the study hospital for outpatient care. To estimate odds ratios of interruption of treatment during inpatient care and outpatient care or death, after adjustment for the influ-: Residence before admission was categorized as follows: homeless (urban park, station building, riverbed, street, temporary winter accommodation for the homeless, or no residence); temporary residence (transient hostel, capsule or business hotel, public sauna, all-night theater, or apartment or house rented by friends); residence near work place (dormitory in workplace, or bunkhouse for construction workers); apartment (apartment rented by the patient and vacated because of disease onset); and others. Resident registration was assigned under the address of the hospital of the subjects' admission, because of lack of a conventional dwelling or residence. : Social welfare institution includes hostel for the poor, public lodging for the homeless, rehabilitation facility, and rehabilitation institution for the internally handicapped. : Unable to obtain information on residence after discharge because of forcible or voluntary discharge. : Results of sputum smear were classified as '-', 1+, 2+, and 3+, equivalent to Gaffky scale of 0-1, 2-4, 5-8, and 9-10 respectively. : M. tuberculosis isolates were resistant to at least one of isoniazid, rifampin, ethambutol, or streptomycin. terms of age distribution and sex ratio. 3, 10, 11, 15, 16 Further patients who stayed at the hospital for more than a year were less than 0.5% of all inpatients. Although the study population was not defined at diagnosis of tuberculosis and might be different in their characteristics when defined at diagnosis, therefore, the influences of this difference in selection methods on the characteristics of subjects and the study results were thought to be small. The standard tuberculosis treatment regimen applied to the subjects was in accordance with that recommended by the Ministry of Health. 17 Completion of 89.9% follow-up aided in better understanding the social course patterns of urban dwellers with tuberculosis under fragile-living conditions. Mortality in patients under fragile-living conditions in this study was 2.3 times higher than that in smear positive tuberculosis patients in general after adjustment for age and sex of the subjects in this study. 16 There were two conditions meaningfully related to the death of patients. First, one in six subjects was taken to hospitals by ambulance after collapsing on the street; second, one fifth of the subjects showed large amounts of bacteria in their sputum. These findings suggest delay in the start of tuberculosis treatment in people under fragile-living conditions, and may relate to their high mortality. Health is not a priority of people under fragile-living conditions because of their immediacy of daily life, 18 and such people generally do not access medical services until they have severe problems. 12 Liaison with non-health sector workers should be encouraged to facilitate early detection of the disease and intervention to achieve appropriate treatment.
Many cases of interruption of treatment during inpatient care were reported, due to either forced or voluntarily discharge from the hospital before the completion of treatment. One-quarter of these cases showed positive sputum smears, with a potential to transmit tuberculosis within the community. Interruption of treatand in those with sputum smear results of 3+ as compared with the others (P<0.01, P<0.001, and P<0.01). Adjusted odds ratios of those found collapsed on the street and sputum smear results of 3+ showed an independent significant association with the death of subjects.
Drug Susceptibility
The results of M. tuberculosis drug susceptibility tests are shown in Table 3 . The prevalence of drug resistance was higher in cases with than without a history of tuberculosis treatment (P<0.05).
We determined the social course patterns of urban dwellers with tuberculosis lacking customary and regular access to conventional residences. Interruption of treatment during inpatient care was associated with alcohol problems, and that during outpatient care was associated with fragile living conditions. Patients under fragile-living conditions with a history of tuberculosis treatment showed a high prevalence of drug resistance. Patients who died before completion of tuberculosis treatment tended to have poor living conditions and were generally not admitted to hospital until the disease had progressed to an advanced stage.
The subjects of this study reasonably represented the follow-up data of tuberculosis patients lacking customary and regular access to a conventional dwelling or residence in the Tokyo area who had contacted medical services. The subjects followed-up were collected from the discharge records of the hospital with the largest number of tuberculosis beds in the Tokyo area. The demographic characteristics of the subjects and those of homeless populations in Tokyo in general and tuberculosis patients who had experienced homelessness in a national survey were similar in (19) 3 (5) 1 (2) 6 (9) 6 (9) ple with free access to treatment for tuberculosis and housing support. This results in recurrence of the disease and an increased prevalence of drug-resistance among the urban poor population. The already high prevalence of tuberculosis in this fragile population would increase further and might give rise to an epidemic if effective means to break the vicious circle are not implemented. Examination of the social course of 119 urban dwellers with tuberculosis lacking customary and regular access to a conventional residence revealed a high likelihood of interruption of treatment in this population. Patients with alcohol problems showed an increased likelihood of discontinuation of hospital treatment as a result of forced or voluntary discharge. Those who were homeless and used transient hostels were more likely to interrupt outpatient care. These subjects were also suggested to lack access to medical care in the early stages of the disease. Delayed access to medical services and interruption of treatment constitute a vicious circle of tuberculosis in urban dwellers with poor living conditions. The care of patients with alcohol problems and programs to improve social skills should be integrated into inpatient treatment of tuberculosis patients under fragile-living conditions. Intensive follow-up of patients living in transient hostels during outpatient care would reduce the rate of treatment interruption by patients under fragile living conditions.
In conclusion, factors associated with interruption of tuberculosis treatment in patients under fragile-living conditions were identified. Interruption during inpatient care was significantly associated with alcohol problems and that during outpatient care was significantly associated with the use of transient hostels. ment during inpatient care was related to alcohol problems while in hospital. Alcohol-related health problems are generally common in people under fragile-living conditions. 3 Alcohol abuse is associated with deficits in social skills, which is the ability to interact with people and basic skills to manage difficulties in daily life and to live productively. 19 Thus, not only treatment of tuberculosis, but also care regarding the alcohol problems and programs to improve patients' social skills should be provided simultaneously during treatment in such cases.
Interruption of tuberculosis treatment during outpatient care was closely related to fragile living conditions in people without access to a conventional dwelling or residence. The homeless and those using transient hostels were more likely to interrupt treatment during outpatient care. People who live in transient hostels often spend the daytime drinking alcohol on the street when they do not find employment. 20 This lifestyle shows a lack of concern regarding their health, and results in difficulty in escaping the vicious circle of fragile living. Due to the high frequency of interruption of treatment, patients living in transient hostels during outpatient follow-up require special attention.
DOT programs in the community provide opportunities for those who have interrupted tuberculosis treatment to resume and complete the full treatment schedule. During the study period, DOT programs for patients under fragile-living conditions were provided in two areas in Tokyo: a metropolitan welfare center for day laborers and homeless people, and a public health center in the area with a homeless population of 1000. 21 These DOT programs are now widely available at public health centers in communities. Effective measures to care for people under fragile-living conditions with DOT programs in the community must be shared with other communities to strengthen the capacity of public health services.
The prevalence of resistance to any of the four first-line drugs and that of multidrug-resistant tuberculosis were higher among the subjects with than in those without a history of tuberculosis treatment. Patients under fragile-living conditions were more likely to have a history of tuberculosis treatment as compared to the general population. 22 Multidrug-resistant tuberculosis is associated with treatment failure and death, and is costly to treat. 23, 24 Therefore, increasing the effectiveness of treatment of patients under fragile-living conditions, by increasing adherence to the treatment regimen, is required to arrest the spread of drug-resistant tuberculosis.
The results of this study accounted for the accumulation of tuberculosis in this socially marginalized and disadvantaged population. Individuals affected by tuberculosis are likely to remain in obscure corners of the city until they become unable to survive in the urban environment, and thus there is not a significant chance of disease transmission within the community. A considerable number of patients under fragile-living conditions interrupt inpatient or outpatient care and disappear from the conventional social network without completion of tuberculosis treatment, although medical and welfare support systems provide these peo-
